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Hliotograph 1, Compression btest specinmens.




Photograpn &.. . End pleces from test specimens.




Photograph 3. Fnd pieces cul from test specimens.




APPENDIX R
SYSTEM FOR STUDYING THE SHOCK RESPONSE OF ROCK AND OTHER
NONFERROMAGNETIC MATERIAIS AT PRESSURES BELOW 4O KILOBARS

The U. S. Army Engineer Waterways Experiment Station has de-
veloped a system for continuous measurements of both the velocity
of propagation of a shock wave and particle velocities in rock and
other nonferromagnetic materialsvfrom the passage of a shock wave
produced by a flat-plate impact. A stress-strain relation is deduced
from the wave and particle motion data. The system has an upper
limit of approximately 4O kilobars.

The experimental method is primarily based on a technique used
by Frasier and Karpovl for directly measuring the particle velocity
in a material. In this technique, a fine wire is émbedded in the
material, which is then placed in a magnetic field. Any subsequent
movement of a portion of the wire that cuts the magnetic-flux lines
produces an electromotive force (e) proportional to the instantane-

ous velocity as shown in the following equation:

1 X
Frasier, J. T. and Karpov, B. C.; "The Transient Resporse of Wax
Targets Subjected to Hypervelocity Impacts'; May 5-7, 1965;

Paper presented at Society for Experimental Stress Analysis,

Spring Meeting, Denver, Colorado.
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e = Blv

where
e = electromotive force, volts
B = the magnetic field strength, webers/’m2
1 = the length of wire cutting the flux lines, m
v = the velocity of the wire (particle velocity), m/sec

Several wires are placed in a test specimen, and the voltages
are monitored on oscilloscopes and recorded on photographs. The ve-
locity of propagation can bé determined from the initial rises of the
voltage signals from the induction wires.

The specimen is mounted at the end of the compressed-air gun bar-
rel in a magnetic field, and the barrel and specimen chamber are evac-
uated to approximately 15 microns. The stress waves will be produced
by impacting the specimens with a lightweight projectile having either
a brass or aluminum impact plate. Impact velocities of up to 1,200
ft/sec can be obtained.

The final state behind the stress wave is determined by the ap-
plication of the conservation equations. Conservation of mass and

momentum across the shock front requires that:

pU = pl(U -U (conservation of mass)

S pl)

2
(US -U l) (conservation of momentum)



p_ = initial density, g/cm3

o
US = chock velocity, mm/usec

p, = density behind the shock weve, g/cm3
Upl = particle velocity behind the shock wave, mm/usec
PO = initial pressure, kilobars

Pl = pressure behind the shock wave, kilobars

The pressure behind the shock wgbe Pl = pOUSU'pl + PO s, and the cor-
responding strain € = 1l - Po/pl = Upl/US . These equations are
based on the assumption that an equilibrium state of stress is
reached behind the shock wave. In this simple form, they are valid
only in the region of uniaxial strain. These equations correspond

to the Hugoniot or the locus of shocked-end states reached.

299



DISTRIBUTION LIST

No. of
Address Copies

Commander 20
Space and Missile Systems Organization

ATTN: 1IT R. G. Tart, Jr. (SMQHF)

Norton Air Force Base, California 92409

Mr. N. P. lLangley 1
Aerospace Corporation

San Bernardino Operations

P. 0. Box 7308

San Bernardino, California 92402

CPT J. L. Bratton 1
Air Force Weapons ILaboratory
Kirtland Air Force Base, New Mexico 87117

Mr. William R. Judd 1
Geotechnical Consultant

200 Quincey Street

West lafayette, Indiana 47906

Mr, F. Pieper 1
TRW, Inc.
Norton Air Force Base, California 92409

Mr. M. V. Anthony 1
TRW, Inc.

Room 710, Building 527

Norton Air Force Base, California 92409

Mr. Pat Gallo 1
Ken O'Brien -and Associates

3745 Iong Beach Boulevard

Long Beach, California 90807

300



Unclassified

Secu rnx Classification

DOCUMENT CONTROL DATA-R&D

(Security classitication of title, body of abatract and indexing ion muast be d when the overall report ls classified)
1. ORIGINATING ACTIVITY (Corporate author) 28, REPORT SECURITY CLASSIFICATION
Unclassified

U. S. Armmy Engineer Waterways Experiment Station

Vicksburg, Mississippi 2b. GROUP

3. REPORT TITLE

TESTS OF ROCK CORES, MOUNTAIN HOME, IDAHO, AND FAIRCHIID, WASHINGTON, AREAS

4. DESCRIPTIVE NOTES (Type of report and inclurive dates)
Final report

8. AUTHORI(S) (Firet name, middle inltial, last name)

Kenneth L. Saucier

6. REPORT DATE 78. TOTAL NO. OF PAGES 7b. NO. OF REFS
September 19€9 291 5
8, CONTRACT OR GRANT NO. 58. ORIGINATOR'S REPORT NUMBER(S)
b. PROJECT NO. Miscellaneous Paper C-69-12
e. 95. OTHER REPORT NO{S) (Any other numbers that may be assigned
this report)
Py

10. DISTRIBUTION STATEMENT

Fach transmittal of this document outside the Department of Defense must have prior
approval of the Space and Missile Systems Organization (SMQHF-2).

11. BUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
Space and Missile Systems Organization,
U. S. Air Force Systems Command

13 ABSTRACY
Laboratory tests were conducted on rock core samples received from core holes drilled
in the basaltic flows of the Mountain Home, Idaho, and Fairchild, Washington, areas.
The results were used to determine the quality and uniformity of the rock to depths
of 200 feet below ground surface. Specific gravity, porosity, and compressive
strength tests indicated the rock from both areas to be highly variable in physical
properties. The outstanding variables were the degree of vesicularity for the
Mountain Home rock and the vesicularity and a pattern of incipient fracturing for the
Fairchild rock. The denser rock from the Fairchild area appeared to be inherently
stronger and more rigid (i.e., higher moduli and less hysteretic effect in stress-
strain relations) than the Mountain Home basalt. However, the extreme variability
in physical test results of the material from both areas appears to preclude class-
ification of either as a competent, uniform, hard rock medium.

ARPLACES DO FOAM 1479, t JAN 848, WHICH 18
» oV u‘ 473 @880LETE POR ARMY USR. Unclassified

301
Security Classification




Unclassified

Security Classificstion

14. LiNK A LiINK B LINK C
KEY WORDS
ROLEK wyr AOLEK wT. ROLE wT
Fairchild, Washington, area
Mountain Home, Idaho, area
Rock cores
Rock properties
Rock tests .
302 Unclassified

AT

Security Classification





